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Liquid crystal properties (10h)

Properties of nematic liquid crystals
Nematic order parameter
Polarization and dielectric constant
Elastic energy

Surface alignment

Electrical energy

Freederickz treshold

VAN mode

Variable phase retarder

IPS mode

TN mode
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ELASTIC ENERGY

Elastic energy for chiral liquid crystal
lowest energy when: L [QD XZ) =—q, right handed CLC: g,>0

fu =4 Ko (0E) # Ko E{x D), ) i (Ex(0xE)) ]
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right handed twist
— LijoxL)<0
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ELASTIC ENERGY
In a 1D geometry (L depending only on 2)

cos @A z)sin B(z) 0
L=| sin@z)sin6(z) only E
cos&(z2)

Fo :%(Kn (D Uj)z +K,, (Z E@D xZ))2 +

Liquid Crystals after CaICUIation C .

2 2
‘felastic = % Kll (Sin eﬁj + K22 (Sinz ga_¢j + K33 (COS 6 4
0z 0z 0
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ELECTRIC ENERGY
Electric energy density (with source)

Jeteerrie = _%Dljé = _%(EE)E = _%gﬂEz —%Aé‘(z D?)2

1

given field E (for example V/d)
Ae>0: lowest energy when L and E are parallel
Ae<0: lowest energy when L and E are perpendicular
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EXAMPLE: FREEDERICKSZ TRANSITION
LC between substrates with E-field, ¢=0: 4z) ?
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assume small deviation a<<1 due to E-field

Liquid Crystals
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with given z-dependency: |6(z) =— —a’sin%
T . Tz i . Tz . Tz
cos 8(z) =cos (— —a’sin —j = sm(a'sm —j = asin— <<1]
2 d d d
sinf@(z) =1




EXAMPLE: FREEDERICKSZ TRANSITION

6(z2) =7—T—a’s1nE
2 d

calculation of elastic energy

2 2
]Celastic = % Kll (Sin Ha_e) + % K33 (COS HO_H)
0z 0z
------ - cos 0 <<1

d
T Tz T
E>Felastic :I%Kll(_agﬁosj) dz :%[{11&27

calculation of electric energy

iad s field approximately homogeneous: E=V/d
2 2
and Photonics ]Celectric = _%gDEZ _%AE(E |l_>)2 - _%‘SD % _%Ag(g o ej
d 2 2 2 2
V_ . 7z 14 14
electrlc _(';|: % (_) _%Aé‘(d m81n7j }dz:_égﬂd_éllAgmzd
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EXAMPLE: FREEDERICKSZ TRANSITION
calculation of the total energy

1
elastic 4

1
electric 2

Lo Gryals > Minimum of the total energy, for which a?

]
and Photonics —_ (

oa

2
F z%KHag—%Agmﬁ

elastic

+F

electric )
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VARIABLE PHASE RETARDER

low voltage: no switching V=0 L= =
y polarized light: n, gt 2
X polarized light: n, eg
=
An=n,—n, r:27TAnd = =
A ==
high voltage: :
y polarized light: n, vy = Ko
“47e  xpolarized light: n(z) "Nae T ==
) il 7 7
_1%(cos’8(z) sin*B(z) )2
Mg — _J- 2 + 2 dz
d n n ; %
-
Anavg — neﬁ‘,avg - n, r= 27‘Anavg d /%l

A
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VARIABLE PHASE RETARDER

total retardation: LC retardation + plate _ ‘==

rtot:Anavgd_rO V>V, = A—gm Z?

27T A 27T /
==

u-?ﬁ T T | I 1 T T 1 1 | | | | 17T | |
B i e 6 ¢ o ©
% 0.50 :_ half wave . additional
Liquid Crystals ‘g" i ddt | ] retarder plate
° S 025 additiona N slow axis
and Phovorics E - retarder plate - perpendicular
o i - /2 ]
0.00 - Te . 2 r,
C 1 IZerO Wave 1 1 1 1 I 1 1 ] _2—
0 5 10 15 20 T

Voltage (volts rms)
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VERTICALLY ALIGNED NETMATIC (VAN)

Initially vertically aligned, and A& <0 T
with particular alignment material oy~ ) Gty

s\ \\a=
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VERTICALLY ALIGNED NEMATIC (VAN)

Small variation of the angle 6

. =d """ e=0
suggestion: $=0 i f
8=0 sin E 6, <<1 Z=d/27_____ 0=0
m d sinfd<<1 [
cosfd=1
Z:O > 9=0
X
2 2 2
447 Fowsie =31 K, (sin 60_9) +K, (sin2 99_ %j +K,, (cos 6,6_9) + (cos Gsin 0
0z 0z 0z
and Photonics
d 2 d 2
F;lastlc = % K33A (a_ej dZ = % K33A (Hm ]_TCOS (Ejj dZ
o\ 0z . d
2
T T
> SV (4 PEPIPL.s
i 2 33 4) 2 40 d
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VERTICALLY ALIGNED NEMATIC (VAN)

Variation of the angle 0 A
- 0 z=d]\-——--— 0=0
6=0 sm( Zj g_«l E
d " z=a/2 7___.._ 0=0
sinf=6@<<1 [ —Ym
Ag <0 e
cosd=1 > 220 > 0-0
X
d d Tz 2 V2
1l T F,..="3A (ED +Agcos’ )Ezdz —JA|| &, +Ag| 1 (9 CcOS (;D ?dz
0 0
and Photonics 5
d 2 2 2
ed ==34)| § ‘As(é’m cos (;D J‘;z dz=-3A§—d +—AA&951§(01%)
, ,
—~ :_%Aﬁv__iA‘Agmiv_
I d d
GHENT
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VERTICALLY ALIGNED NEMATIC (VAN)

1z
6=6 sm(zzj sz]‘ _____ 0=0
Does 6,, =0 sz/gz‘____ 0=6,,
minimize the total energy? [
Zz=0 >0=0
X
N T V? V?
i Crysn:s F;otal = F;lastic + F;lectric = % KBBA 91721 7 _% Agll 7 _% A|A£| 91721 7
and Photonics F 2
aagal =1K .A20 % I AlAg 29mV7 =149 ] — (K17 -|0v?)
threshold voltage
T Ky makes this zero
ﬁ TH |Ag| V< VTH - 8= 0
GHENT
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VERTICALLY ALIGNED NEMATIC (VAN)

1D structure, material with Ae < 0, An> 0
homeotropic alignment

for V=0: =0 [ =0

for V>V, molecules rotate: 8 ,I', Anincrease

V=0 V>Vy, K

% ; bend and splay
M pretilt determines
switching
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LIGHT IN ANISOTROPIC MATERIALS

propagation along the z-axis (distance d) g Z
two polarizations with different speed E,
Y
ordinary mode E, : n=n, 1 x Ex
extra-ordinary mode E, : n=ny Moy = \/COSZ 2 <0 i}
n, n fast axi%,
Liquid Cr'ysfc:s
and Photonics JoneS matrlx retardatlon SIOW aXiS
= [ 0 . (ne>n,)
J = . == —
0 b [ ; (neﬁ no)d
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LIGHT IN ANISOTROPIC MATERIALS

Transformation of the Jones
matrix for a general system of axes:

Liquid Crystals |:Ey,0ut

and Photonics
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sin @ cos @ [qe—ir/z _eiF/Z) sin> . 272 + cos? & Pk

J'=RJ] R’

X

R—1

_COS¢ 32 sin @ @—ir/z} |:Ex,in:|
1 E

y,in

X,in

| E

y,in

Kristiaan Neyts 17



LIGHT IN ANISOTROPIC MATERIALS

Liquid Crystals
o

and Photonics
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cos> & 22 +gin> . rk sin @ cos @ [Qe—ir/z _eil'/Z)
sin¢cos¢[@e“ir/2 _eir/z) sin> ¢@—ir/2 + cos> . rik

— 2
J,, =cos

¢ @—ir/z +Sin2 ¢ @iF/Z

= cos’ ¢[Qcos(r/2) —isin(F/Z)) +sin’ ¢[@cos(r/2) +isin(r/2))

= (0082 @ +sin’ ¢)cos(r/2) +(—icos2 @ +isin’ ¢)sin(|’/2)

:cos(r/2) —i0082¢sin(r/2)
J,, =singcos @ [@e“im —eir/z)

=sin¢cos @ I:Q—Zisin(l' /2))

= ~isin2¢ Bin (I /2)

. {cos(

[/2)-icos2¢sin(l/2)
~isin 2¢ [in (I /2)
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~isin2¢ [8in ([ /2)
cos(F/Z) +i0082¢sin(r/2)
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LIGHT IN ANISOTROPIC MATERIALS

Jones matrix for a retardation plate
retardation I
azimuth ¢

slow axis: with the highest refractive index slow axis
Lt Cryetls fast axis: with the lowest refractive index (Ne>n,)

and Photonics

= cos(l'/2)—ic:052¢sin(l'/2) —isin2¢@in(|’/2)
—isin2¢ Bin(l’/Z) cos(l'/2)+ic:082¢sin(|'/2)

UNIVERSITY Kristiaan Neyts 19



RETARDATION PLATES

homogeneous anisotropic layer
with given parameters

full wave plate I'=2m

J = ~ independent of ¢

0O -1} {0 1

Liquid Crystals
o

and Photonics half wave plate r=T[

7 —icos2¢ —isin2@ —cos2¢
—isin2¢ icos2¢@ —sin2¢
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VERTICALLY ALIGNED NEMATIC (VAN)

1z

Light transmission?
7 _ e_erA/z O Z:d e """
0 ' 2]
for inclination in the ¢=0 plane [ Yoid 7 ¥
z=0 0 Xold
General case, in the plane ¢: ;
Liquid Crystals = = -1
o J'=RJ R
and Photonics 7 _ COS ¢ —SiIl w e—irVA/Z O COS w SiIl w
S " {sin @ cos@ 0 e"'? )\ —sing cos@
2\, d o !
I ( 9(2) )dZ = F : T [cos*@ sin’@
i ° o0
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VERTICALLY ALIGNED NEMATIC (VAN)

With polarizer and analyzer
along x and y respectively:

o 1))

E,) \0 1)"0

(0 0 \e"™?* 0 cos gF.
“\sing cos qo]( 0 2](—sin §”E,J

Liquid Crystal
" 41 _ 0 0 cos@k,
/’ ’ l’/ : Ty /2 Tya /2 :
singlé™""'* cosge" " || —sin@E,

and Photonics
. (T
E . =(-i)sin2@sin (TVAj E,

mn,, d ]

for unpolarized incident light
(choose @=45°; '\ 4,=T0)

T = %sin2 2@sin’ (
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VERTICALLY ALIGNED NEMATIC (VAN)

Reproducible reorientation

how to define the azimuth ¢ of reorientation?

3 methods to determine @

uv uVv
N/
—— N -
T T W)
and Photonics B . Y \:I
-*5"“;} holr.neOtrOptiC protrusions inhomogeneous phOtO_
bu alignmen electrodes aligned
- @ not determined and fields
[T
GHENT
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VERTICALLY ALIGNED NEMATIC (VAN)

patterned ITO electrodes (within a pixel)

lateral component of the electric field “fringe field”
determines the switching

Liquid Crystals
o

and Photonics
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Patterned ITO
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Fringe Electric Field
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VERTICALLY ALIGNED NEMATIC (VAN)

for a direction that is not vertical
the transmission can have a different value...

black? no... grey! grey? no...black!
bad black state, grey scale
low contrast Inversion
black grey white

w7

and Photonics
' /

no higher highest
T voltage voltage voltage
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VERTICALLY ALIGNED NEMATIC (VAN)

Solving the viewing angle problem
by introducing different domains with different azimuth

/N
I-

same average

Liquid Crystals
quid Cry P ) -i-‘
\ | \ 74
I ||
| |
\ I A N 4  Prowusions
\ /i N/~
I
-~ |
’_A 1 A;j
i | Off (Black) 1 Half on (Gray) |
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VERTICALLY ALIGNED NEMATIC (VAN)

Patterned VA
with 4 different
azimuthal angles

bottom substrate
protrusions on the color filters—§

4l top substrate —«
protrusion on TFT’s “

Protrusion on CF
B & I% - Protrusion on TFT

T L.C inclination azimuth
in each domain
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VERTICALLY ALIGNED NEMATIC (VAN)

Viewing angle compensation (6, in air) .

VA liquid crystal layer

igid e compensation film

and Photonics

= 27;&(\/11;?“ —sin” @, —\/nj’LC —sin? Ha)

271d ) :
— +—/1 CF (\/nfﬁcCF —sin’ g, - \/ngcp —sin’ @, )
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LIQUID CRYSTAL SWITCHING

Reorientation due to the torque

Ag > ()

— director aligns parallel to the field
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